Perception during action is optimized by sensory predictions about the likely consequences of our movements. Influential theories in social cognition propose that we use the same predictions during interaction, supporting perception of similar reactions in our social partners. However, while our own action outcomes typically occur at short, predictable delays after movement execution, the reactions of others occur at longer, variable delays in the order of seconds. To examine whether we use sensorimotor predictions to support perception of imitative reactions, we therefore investigated the temporal profile of sensory prediction during action in two psychophysical experiments. We took advantage of an influence of prediction on apparent intensity, whereby predicted visual stimuli appear brighter (more intense). Participants performed actions (e.g., index finger lift) and rated the brightness of observed outcomes congruent (index finger lift) or incongruent (middle finger lift) with their movements. Observed action outcomes could occur immediately after execution, or at longer delays likely reflective of those in natural social interaction (1800 or 3600 ms). Consistent with the previous literature, Experiment 1 revealed that congruent action outcomes were rated as brighter than incongruent outcomes. Importantly, this facilitatory perceptual effect was found irrespective of whether outcomes occurred immediately or at delay. Experiment 2 replicated this finding and demonstrated that it was not the result of response bias. These findings therefore suggest that visual predictions generated during action are sufficiently general across time to support our perception of imitative reactions in others, likely generating a range of benefits during social interaction.
Introduction
Behavioural success for humans and other animals often depends on effectively navigating the social world -on accurately anticipating and interpreting the actions of conspecifics (Happé, Cook, & Bird, 2017 ). An influential hypothesis in recent decades has been that we use our motor system to generate predictions about how others will behave while we observe them during interaction (Schütz-Bosbach & Prinz, 2007; Wolpert, Doya, & Kawato, 2003) . Specifically, processes for anticipating the sensory consequences of our own actions during selection and execution (e.g., we predict that we will see our hand waving when we send a motor command to wave; Greenwald, 1970) are repurposed to support perception of similar reactions in others (e.g., when we wave to a friend and they return the gesture). These processes are proposed to support the perception of imitation given that the sensory consequences generated by our own movements closely resemble those generated by our imitative partner. This generalized predictive process would increase our sensitivity to imitative responses in others, promoting fluent social interactions by facilitating rapid and appropriate responses to our partner's behaviour (see Schütz-Bosbach & Prinz, 2007 for a discussion).
However, it remains unknown whether sensorimotor predictions have the temporal profile needed to support perception of imitative reactions. Typically, when we produce an action (e.g., a wave) the direct outcome of visual stimulation relating to our own action is perceived at reliable and short delays after action execution, whereas the imitative responses of others are observed across variable delays in the order of seconds. While a number of influences of sensorimotor prediction on visual processing have previously been reported with no action-outcome delays (Deschrijver, Wiersema, & Brass, 2017; Stanley & Miall, 2007; Yon & Press, 2017) , no empirical work has investigated whether sensorimotor predictions operate across the suprasecond delays between action and reaction that characterize natural social interaction. In fact in contrast with theories of social interaction, it has been argued by action control researchers that sensorimotor predictions operate with subsecond precision (e.g., Frith, Blakemore, & Wolpert,
